The MoCA is a recently published and increasingly popular screening test for use in detecting cognitive impairment among older adults.
The MoCA is a recently published and increasingly popular screening test for use in detecting cognitive impairment among older adults. 1 Mild cognitive impairment (MCI) is considered an intermediate clinical state between normal cognitive aging and dementia where patients experience memory difficulties that are greater than expected for their age and education. In addition, individuals with MCI have less impairment in everyday functioning as compared to those with dementia.
2 Individuals suffering from MCI are an at-risk group, with up to 80% of individuals with MCI progressing to dementia within five years. 3 For this reason, it is important to detect early memory impairment and to monitor cognitive function over time.
To detect cognitive impairment [2] [3] [4] at an early stage, the Montreal Cognitive Assessment (MoCA 1 ) represents a marked improvement over the widely used Mini-Mental State Examination (MMSE 6 ) as older adults living with MCI often still perform in the normal range on the MMSE 1 . Initial MoCA research suggested that with a cut-off score of less than 26/30, sensitivity for individuals with MCI was 90% (compared to 18% for the MMSE) and specificity was 87% (compared to 100% for the MMSE). 1 Since this time, the MoCA has been validated as a more sensitive measure of cognitive difficulties than the MMSE in different populations. 7, 8 The MoCA is relatively simple to administer and to interpret, however, this tool does not account for pre-morbid functioning (e.g. intellectual function, occupational status) or specific numbers of years of education. This is an important drawback, as it limits the clinician's ability to determine if there is a decline in cognitive abilities greater than expected for one's age and education. People with lower levels of education tend to score lower on the MoCA compared to people with higher levels of education. 1, [9] [10] [11] In an attempt to compensate for this disadvantage, it has been proposed that one point be added to the total MoCA score, for patients who have 12 or fewer years of education. 1 One recent community and hospital-based study suggested that the recommended 1-point education correction could decrease the reliability of the MoCA. 9 However, to our knowledge, there are no published papers systematically comparing sensitivity and specificity of the "corrected" and "uncorrected" scores. Given that education is a known moderator of risk of cognitive decline, 12 adding an extra point to a group of individuals with a high school education or less minimizes the benefit of education in the larger group. This study assessed the effect of the widely used 1-point correction on the sensitivity and the specificity of the MoCA in a hospital-based population.
METHOD
Twenty-five individuals with dementia (22 individuals with probable Alzheimer's Disease [AD] and 3 with mixed ADvascular dementia [DSM Iv-TR 13 ]) seen in a tertiary-care based memory clinic between 2007 and 2011 were included in the study. Thirty-nine individuals with amnestic mild cognitive impairment (aMCI) 3 , single and multiple domains were also included. All participant data came from individuals presenting to specialty geriatric outpatient clinical and research programs in London, Ontario. Following approval from Western University's Research Ethics Board, participants provided written informed consent to have their information entered into a research database. Data were collected from retrospective research and clinical chart reviews. Diagnoses of either dementia or aMCI were based on an interview with the participant and an informant, when available, about history of cognitive concerns and functional decline and a review of all available medical, neurological, psychiatric, and neuropsychological test data. The neuropsychological test battery was completed within six months of the MoCA and MMSE scores, but in most cases, all assessments were completed on the same day. A licensed clinical neuropsychologist (JF) or her psychometrist assistant, under the supervision of the neuropsychologist, completed the neuropsychological evaluation. All participants had a functional use of the English language (using English in their work and everyday social interactions). Participants were asked to identify their highest level of education. If this was less than high school, participants were asked to identify the highest grade they completed. High school graduates were assigned 12 years of education. Among those who had more than high school education, number of years completed in undergraduate programs was recorded (i.e. a completed four-year bachelor's degree would be assigned 16 years of education, while a threeyear degree would be assigned 15 years of education). Those who had received a Master's degree were assigned 18 years of education and those who had a Doctorate were assigned 20 years of education.
14 Participants were excluded if there was a history of major psychiatric difficulties that could have an impact on cognitive function, current major depressive episode, or if they were currently taking psychotropic medication.
Thirty-seven healthy controls (HC) were recruited from two sources, from advertisements posted at various community centres and through a newspaper advertisement. All participants completed the Dartmouth Memory and Aging Telephone Screen 15 with a research assistant who had extensive geriatric clinical experience (S.W-G.). Participants were excluded if there were any identified psychiatric, neurological, or medical conditions that could affect cognition, or if they indicated that they were taking any psychotropic medications. Controls also had an MMSE score of 27 or higher, and no significant concerns about their memory. All controls had a Clinical Dementia Rating Scale (CDR) 16 score of "0" based on an interview with themselves and an informant. A licensed clinical neuropsychologist (JF), trained research assistant, or a nurse clinician administered the CDR. The latter two individuals had extensive experience with geriatric populations. All three individuals successfully completed the on-line training module for the Clinical Dementia Rating Scale through the Alzheimer's Disease Research Center through the Washington University School of Medicine. Consensus on diagnosis was reached between two neuropsychologists, independent of the MoCA score.
Univariate analyses were conducted to determine the frequency distributions associated with all study variables. next, a one-way analysis of variance was used to identify any between-group demographic differences. Because the total MoCA score is used to detect any cognitive impairment, for this paper we combined the information for those who were diagnosed as presenting with either aMCI or dementia. T-tests or chi-square tests were used, as appropriate, to determine if there were any differences between these two study groups. A logistic regression was conducted to determine the predictive value of the MoCA score on the diagnosis of cognitive impairment (HC versus aMCI + dementia).
Logistic regression was also used to determine the impact of various possible covariates including education, sex, and age on the relationship between the MoCA score and the diagnosis of cognitive impairment. To help further understanding of the possible impact of education on the relationship between MoCA score and disease status, education was conceptualized as a continuous variable as well as a categorical variable. Similar to nasreddine's work, education was dichotomized (less than high school versus completed high school or more). These analyses were conducted using SPSS (SPSS 19.0 for Windows, 2011). To examine further the impact of significant covariates, receiver operating characteristic (ROC) curves were generated for unadjusted MoCA scores, for scores adjusted for educational attainment as suggested by the instructions of the tests (MoCA version 7.1) and by any covariates that significantly impacted the relationship between the MoCA score and disease status. For each ROC curve, the sensitivity and specificity as well as the area under the ROC curve (AUC) were determined. These data were analysed using MedCalc (http://www.medcalc.org).
RESULTS
Population descriptors are presented in Table 1 . The cognitively impaired group differed from the HC group in terms of mean age and mean MoCA score. However, the two study groups did not differ significantly in terms of mean years of education. Further, while 54.7% of the cognitively impaired group were males, this proportion fell to 16.2% in the HC group. As education and age were identified at possible covariates in the relationship between MoCA score and disease status, the relationships between sex, age, and education were examined in detail. As seen in Table 1 , neither mean age nor education differed significantly by sex. As well, the correlation between age and education was not statistically significant for either sex. For the unadjusted total MoCA score, a cut-off score of less than 26 (≤ 25 indicating impairment) yielded the best balance between sensitivity and specificity (80% and 89% respectively; n=sample size; F = female; M = male; yrs. = years; SD = Standard Deviation; χ2 = chi-square test; number in brackets are the degrees of freedom; t=t-test. Entries in bold are the recommended cut-points for the MoCA, those with an asterisk (*) yield the best balance between specificity and sensitivity; † in all cases, the area under the roc curve is significantly different from 0.5. Table 2 ). This was consistent with the cut-off score identified in the original validation study. As well, with this cut-off score 92.7% per cent of people with a positive test result had cognitive impairment (positive predictive value: 0.93) and 71.7% per cent of people with a negative test result did not have cognitive impairment (negative predictive value: 0.72). As well, in this study population, the prevalence of cognitive impairment was 63%. The 1-point correction for education was then applied to the total MoCA score. While 45.9% of the total population had 12 or less years of education, only 5.4 % of the population had less than ten years of education. After applying this correction to the total MoCA score and using a cut-off of less than 26, the sensitivity decreased from 80 to 69% while specificity increased by only a few points, from 89 to 92%. Further, the positive predictive value increased slightly (93.6% versus 92.7%) but the negative predictive value fell (71.7% to 63.0%). For the education adjusted total MoCA score, the cut-off score that yielded to the best balance between sensitivity and specificity fell to less than 25 (less than or equal to 24) (61% and 97%, respectively; AUC = 0.871, p <0.001).
Logistic regression analyses were done to examine the statistical association between the measured, unadjusted MoCA score and categorized cognitive impairment. As seen in Table 3 , the regression coefficient associated with the MoCA score in the unadjusted logistic regression model was -0.78 and the odds ratio was 0.46. A perhaps easier way to understand this result is to say that for each unit increase in the MoCA score the odds of someone not having cognitive impairment increased 2.17 times (1/0.46).
To develop a greater understanding of the impact of education on the primary relationship between MoCA score and disease status, education was added as a predictor variable to the regression. As seen in Table 3 , education by itself was not significantly associated with disease status and did not have a significant impact on the regression coefficient associated with MoCA score.
next, sex and age, two variables that have been shown in the literature to be predictors of disease status and that significantly differed by diagnostic group in the study population, were added to the regression model to determine the impact of these variables on the primary relationship between MoCA score and disease state. As seen in Table 3 , age was not significantly associated with disease status and did not have a significant impact on the regression coefficient associated with the MoCA score. However, sex was significantly associated with disease status; the odds of males having cognitive impairment were 11.3 times those of women. Further, the regression coefficient associated with the MoCA score increased from -0.78 to -0.86, a 10.3% change. This finding suggests that sex might have an indirect impact on predicting disease status through the MoCA score. To look at possible confounding effect of having a control group that contained more women than men, we examined the association between age and education by sex and calculated mean MoCA scores by sex by disease state (see Table 2 ). There were no statistically significant differences either in mean MoCA scores or in the association between age and education by sex. As well, we ran the ROC curves independently for men and woman (see Table 2 ). The area under the curve was greater when using the unadjusted MoCA score for both men and women than when using the education adjusted MoCA score suggesting that the unadjusted score has better sensitivity and specificity.
DISCUSSION
For the unadjusted total MoCA score, a cut-off score of less than 26 yielded the best balance between sensitivity and specificity in identifying people with cognitive impairment versus HC. This finding was consistent with the cut-off score identified in the original validation study. 1 However, after applying the education correction suggested in the literature to the total MoCA score, the sensitivity decreased from 80 to 69% while specificity increased by only a few points, from 89 to 92%. In addition, the negative predictive value fell from 0.72 to 0.63 and the area under the ROC curve fell from 0.885 to 0.871.
The MoCA is a first-line screening tool for individuals with memory complaints, however, it does not account for premorbid levels of cognitive functioning. This is an important factor to consider, as individuals presenting to hospital-based memory disorder clinics tend to be higher functioning than similarly concerned individuals in the community are. 9, 17 Education has been previously shown to be correlated with the total MoCA score. It has been suggested that individuals with 12 years or less of education be given one (or even two 10 ) extra point(s) on their total MoCA score. While this adjustment is a valid factor to consider, very little is known about the impact of this correction on the psychometric properties of the screening tool. Our findings suggest that the 1-point education correction would decrease the sensitivity of the screening tool: this attempt to gain specificity through education adjustment (going from 87% to 90%, with the correction) had a detrimental effect on sensitivity (going from 79% to 68%), therefore yielding more false negatives. By adding points for individuals with lower education levels, the weighting scheme associated with the tool is altered as well. Given that education level is known to moderate the risk of developing cognitive disorders, attempting to make groups of individual with lower education equivalent to a group of individuals with higher education does not make sense from a statistical perspective. As well, education level may not always reflect premorbid intellectual functioning and occupational status as opportunities to attain higher education for many individuals from previous generations may have been limited by psychosocial factors such as family income. The increased risk for false negatives due to an education correction is particularly true for individuals who score near the suggested cut-off value, 1 where added points may bump a score into the normal range. In these cases, clinical judgment of premorbid functioning (e.g. intellectual function, occupational status) should be included in the interpretation of total scores both with and without the education correction. In previous generations, securing a highlevel vocational position was not completely dependent on postsecondary education. For individuals from previous generations, one's previous vocational background and lifestyle may have allowed the development of significant "cognitive reserve" 18 despite a low level of education. "Cognitive reserve" can be conceptualized as a feature of brain structure and/or function that modifies the relationship between pathology and performance on cognitive tasks or clinical outcomes. 18 Although the assessment of cognitive reserve is challenging 19 (as it is mostly hypothetical), proposed proxy indicators of cognitive reserve include educational attainment, occupational achievement, mental activities, and premorbid Iq. 18, 20, 21 The suggested education correction on the MoCA score refers to one of these indicators. However, we argue here that, adding an extra point to the score of an individual with a low level of education but who still have significant cognitive reserve (independent of their educational attainment) may artificially inflate their performance, and potentially lead to diagnostic inaccuracy. 18 Although in some studies, level of education is positively associated with the total MoCA score, we argue that it does not always reflect pre-morbid functioning (e.g. intellectual function, occupational status) or reflect the level of cognitive reserve. We suggest that norms be developed to help guide the interpretation of the tool and that clinicians use their clinical judgment to interpret the MoCA score.
When using an education correction to augment an individual's total MoCA score another issue one needs to consider is that cut-off scores for cognitive impairment can vary depending on the population studied. For example, recent data collected revealed a mean total MoCA score of 23.4 (SD 4.0) from a community-based sample in Texas. 22 A lower cut-off has also been suggested by other researchers. 23 Luis and collaborators also collected data from the Southeastern U.S. and suggested that a cut-off of less than 23 should be used, to increase specificity of the tool (35 to 95 for a minimal loss in sensitivity, from 97 to 96). Indeed, if the mean MoCA score tends to be low in a given population, lowering the cut-off is likely to have a positive effect on specificity. However, if the studied population is highly educated or has significant cognitive reserve, lowering the cut-off might have a detrimental effect on sensitivity (leading to false negative diagnoses). Consequently, unless one has studied the sensitivity and specificity of a particular test with one's own population, adding extra points based on years of education to try and account for differing premorbid function may further complicate test interpretation.
One limitation of our study is that there were significant differences between the cognitively impaired group and the HC group with respect to sex and age. The effect of sex will need to be examined systematically in bigger samples. In addition, this study utilized people presenting to a tertiary care memory disorder clinic, and a group of very healthy controls. Both of these limitations could potentially limit the generalizability of the findings herein.
nonetheless, these data show how crucial it is to develop norms to guide MoCA interpretation. Although the use of the MoCA may lead to an earlier diagnosis, it can also lead to misdiagnosis. Perhaps, in line with Dr. nasreddine's effort to make the MoCA free and accessible, trained clinicians should systematically contribute to an open-source database with the data being analysed prospectively. This eventually could lead to the development of demographically adjusted norms to better guide the use of the screening tool.
CONCLUSION
We agree with previous authors on the importance of considering education when interpreting the MoCA score. 10, 11 However, the correlation between education and premorbid functioning is not always clear and may depend on the population. 24 Data from our Memory Clinic suggest that adding an extra point for lower education levels may actually increase the rate of false negatives. For this reason, we believe MoCA scores should be interpreted both with and without the education correction and clinical intuition about premorbid function when considering diagnostic group classification. To ensure further diagnostic accuracy, we would like to stress the importance of developing norms and/or adjusted cut-off scores to guide interpretation.
